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Abstract:
+  Evaluation was made on reconstituted natural mica paper
made by the following manufacturerss

l. Mica Insulator and Samica Corporation, Division and a
subsidiary, respectively, of Minnesota Mining and Manufacturing Co.

0,0015 and 0,002 inch thick capacitor Isomica "type CI" was
used to determine the feasibility of employing this material as a
capacitor dielectric. In quarterly reports 1 th}ough 11, inclusive,
these materials were coded as manufacturer nC@,

2. 8-1253 Mica Mat insulation was supplied by the General
Electric Company on a developmental basis and future commercial
availability will depend on the degree of interest in and the
applicability of this material. In quarterly reports 1 through
11, inclusive, this material was coded as manufacturer "gEM,

3. Farnum Manufacturing Co's, "Farnumica", coded in reports
1 through.ll,'inclusive as manufacturer “Bn.

L. Mica Coated Products Co. impregnated mica paper coded in
reports 1 through 11, inclusive as manufacturer "G",

Pilot run quanities were made only with "Isomica" type CI
reconstituted natural mica paper.

Purpose:
a, To evaluate the mechanical and electrical characteristics

of reconstituted mica paper and to determine the feasibility .
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of employing it as a capacitor dielectric.
b, To prepare preproduction samples of reconstituted
natural mica paper capacitors for qualification tests in
! accordance with Military specification Mil-C-5A covering
mica dielectric capacitors,
c. To establish pilot facilities for the production of
capacitors employing reconstituted natural mica as a
dielectric.
Discussion:
The contract requires the production and test of a limited
run of the following capacitors, per Mil-C-5A.
1 Capacitor Type CM-30-C 332K 3300 MMF
~ 2, Capacitor Type CM=70-C 101 J 100 MMP
3 Capacitor Type CM-80-C 101 J 100 MMF

L. Capacitor Type CM-80-C 22 7 2000 MMF
Compressibilitys

"Isemica" type CI reconstituted natural mica paper versus
natural Tndian Ruby Muscovite mics,
1. There is no apparent change in thickness of natural
mica under the heat compression cycle (described below),
2, "Isomica" type CI reconstituted natural mica paper,
when subjected to a pressure of 1000 1lbs. per square

inch of active area and cured under pressure, for
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seven hours at 570°F will appreciably decrease

in thickness, After considerable experimentation,

as shown in previous quarterly reports, it was

found that a pressure of 1000 pounds per square

inch (of active area) at temperature of 570°F for

a period of seven hours yielded best resultes.

CM 30 3300MMF¢

Sequence of operations

L
2
3.

L.
Se
6
Te

Be

9
10,

11.

Slice "Isomica" in strips (2 9/32% x 12v), _
Punch "TIsomica" to size (19/32 x 1 25/32, three gang).

Stack 12 pieces of reconstituted natural mica and
13 pieces of aluminum foil.

Compress three ganged section in pressing clamp,
Pre-heat for a period of 16 hours at 85°C,
Remove Mylar tape and natural backing mica,

Slice three ganged sections into individual sections
(19/32 : 19/32).

Place individual sections between two flat metal
plates, heat to & temperature of 570°F and apply
pressure of 1000 pounds per square inch of active
area (of one plate) per section for a period of
seven hours,

Turn up aluminum foil,

Test individual sections for breakdown at 1500 VDC,
capacitance and insulation resistance,

Match individual sections back to back,

Page 3

3
21



|~ 12, Wrap lead tin foil arpund Aluminum foil and ¢
' I -
o 13, Dry sections at'(85°C for 16 hours)
o 1, i chpacity, power factor, iamletion resistance
oo - _ and Q. i
15, Mold in green alid, o
r 1.6, Color code capacitors per Mil«05 charaoter 0,
1?. vum wax capacitors. : s
| 18, Check for breakdown at 1500 VDO, oapacitance,
S insulation resistance and Q.
i ! 19, Test for qualification approval,
T R NINTH QUARTERLY REPCRT FCR QUALIFTOATION TROT RRSULT
£ MAterisls reQuired for the manufacture of OM 30 < 3300uufd using
Jas , -#Isemica® type CI reconstituted mica paper as the dislectris,
Material Anount req. " Pleces :"lll.’m- |
“Deseription per 1000 1000 eendensers
m_ - .
Reconstituted : ; ot
niod '5-0015 x _ 3 _
2 9/3% x 12) ot Loli pounds %S )
Aluninup fo :
(»0005 :7:_2 9/32n . e |
x 1 25/3%) 10,2 ounces FTT RN |
Lead tin foil
(1/2* wide x
_a0008) a3 ounces -
nn Leads R
| areen Alicye | |
#h2g
M_M ot
Toge
Mo
Lk, %, y
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CM 70 1O00MMF

Sequernce
1.

2,

30
L.
5e
6o

Ta

LeFT

9e
10.

11,

12,

of operation
Slice stripSto (3/L" x 1/2") (reconstituted natural mica),

Cut aluminum foil (1/L" width) into length of 14" for
left side and 1l 1/2% for right side.

Slice copper foil into stripg(3/L" x 6m),
Slice stripginte tabs (3/L4" x 1/2"),
Remove burrs from edge of copper tabs by using steel wool.

Spot weld aluminum foil onto copper tab (extend aluminum
foil 3/8" over copper tabs).

Stack sections (20 active plates, 2 pieces of ,002
reconstituted natural mica per plate) use four pieces
for backing, two on each end of section. Plaee Mylar
tape around section to hold firm, See sketch below.

n_\\\l‘-“\““‘\\\\““‘!
ALTLHTLTTLLTTLRAVILRARRRRY

' RECONSTITUTED MACA

\— RAGEHT FO\.

FQ\

Pre-heat sections in pressing clamp for (L6 hours 85°C).
Remove Mylar tape.

Place sections into pressure jigs,

Press sections, make sure to maintain constant pressure
especially during the first forty minutes, and the last
forty minutes of the pressing cycle, (temperature is
prec-se‘b at 570°F)o

Remove sections from pressure jigs.
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13.
1k,

155

16,

17.

18.
L
20,

21,
22,

23,

2k

25,

The oxidation is removed from the copper tabs,

Copper tabs are then solder dipped using 25% resin
and 75% alcohol flux,

Capacity, insulation resistance s power FAcTOR, @,
and breakdown voltage are taken and data recorded
of each section,

Those sections passing the tests listed in #15
are matched for capcity and ten sections are
soldered in series (using insulation between
sections) and 4% tinned copper tabs are soldered
to the first and last sections.

The ten soldered cured sections are placed within

a brass clamp and a screw (3032-19) is tightened

so as tc hold 111. sections under pressure,

Solder the tinned copper tabs to the terminal screws,
The unit is dried at (85°C for 16 hours),

The wnit is then immersed into liquid wax, removed,
allowed to dry &t room temperature and redipped as
many times as it takes to acquire & heavy coating

of wax,

The unit is placed into & CM 70 case,

The units are then encapsulated with a high temperature
wax compound,

Check for capacitance, insulation resistance, Q and
voltage breakdown.

Marking per Mil-C-5 character C.

Test for qualification approval,

'SEE TENTH QUARTERLY REPORT FOR QUALIFICATION TEST RESULTS
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Materials required for the manufacture of CM 70 100MMF using
reconstituted mica paper as a dielectric,

Material Description Amount Req, Per Pieces Req. Mer
1000 Condensers 1000 Condensers

ﬁacmstituted Mica

¢.002 x 1/2" x 3/L") 31 pounds 1140,000
Aluminum Foil

(40005 x 1/L" x 1L 1/2%) 7 ounces 2,000
Copper Foil

(.002 x 3/k x 1/Lv) 6.8 pounds 110,000
Lamicoid

(.01 x 15/16" x 1/2") 297 feet 7,000
Lamicoid

(.01 x 1 1/16" x 3/4n) 380 feet 6,000
Lamicoid :

(01 x11/8 x 1/2) 87 feet 2,000
10-32 Square Head Screw
#3032-19 _ 10.5 pounds 1,000
Brass Clamp
#3908-1 L3.5 pounds 1,000
Brass Plate :

#3909-3 13,5 pounds 1,000
Copp"er Terminal

(«005 x 1/4 x 2 1/2) 2 pounds 2,000
#3107 ’ :
Micamold CM 70 Case :
#5008 125 pounds 1,000
Brass Eyelet #3015-35 6.9 ounces 1,000
10-32 Brass Nut #3026-17 13,5 pounds L ,000
Washer #3223-3L | 8,5 pounds 65000
Lock Washers #3027 13 cunces 2,000
Bakelite Varnish #3016-53 vary

Neoprent Washers #.302-6 8 ounces 2,000
Wax Filled 50 pounds
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CM 80 100MMF

Sequence of operation

1.
2,
3.
L.
5e
6o

Te

Slice strips to (1 1/8 x 1 1/8) reconstituted natural mica.
Cut aluminum foil (.0005 x 1/8 width) into length of (12%),
Slice copper foil (.002 thick)int« strips (1 1/L" x én),
Slice copper strips into tabs (1 1/L" x 7/8%),

Remove burrs from the edge of the copper tabs.

Spot weld aluminum foil onto copper tabs (extend
aluminum foil 9/16 over copper tab),

Stack sections (11 active plates, 3 pieces of ,002

reconstituted natural mica per plate), Place Mylar

tape around section to hold firm, See sketch below,
IR NNTNNVNNTRTNNNY

ESSTRRRNRRRRNNNTTRRENNY
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W‘“ ANTIRTNARNSINNNNGY RECONSTITUTED MICA
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CEIIIRTT IS TR LT LRRTY

LEFT ¥7Cﬁt.w\k ilctussissswsw
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9.
10.

11,

12,

I ATTALAALAALRARLARARRLN /R.\C‘—,\\-\'T FQ\L_
ESNSRRRRNIRNRANNRENY
CCETNES N UL UL U LRINNY
[EESTILR UL L LRR RNy

Pre-heat sections in pressing clamp (85°C for 16 hours),.
Remove Mylar tape,
Place sections onto pressure jig.

Press sections for seven hours, 1000 1lb/scuare inch of
active-area being sure to maintain constant pressure
especially during the first forty minutes and the last

forty minutes of the pressing cycle (temperature is
pre-set at 570°F),

Remove sections from pressure jig.
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15.
16.

17.

18,

19.

Qxid:t.ion is removed from copper tabs,

Copper tabs are then soldered dipped using 25% resin
and 75% alcohol flux,

\piy sections in oven at (85°C for 16 hours).

Capacity, insulation resistance, dissipation factor,
Q and breakdown voltage are taken and data recorded
of each section.

Those sections passing the test listed in #16 are
matched for capacity and eighteen are soldered in
series (using insulation between sections). A
(.002 x 1" x 3 1/2") copper tab is soldered to the
end section,

The section is placed into & CM 80 case and a suitable
spring clamp holds the section Iirm and makes cortact
to one end bell, The copper tab is connected to the
other end bell, (See drawing on page 23),

The assembled unit is dried at (85°C for 16 hours)
and filled with & high temperature black insulation
compound,

Marking per Mil-C-5 character C,

-‘Test for qualification approval,

SEE ELEVENTH QUARTERLY REPCRT FOR QUALIF'IGATIQN TEST RESULTS
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Materials required for the manufacture of CM 80 100 MMF
using reconstituted mica paper &s a dielectric, "

Material Description Amount Required Pieces Required
per 1000condensers ~ per 1008condensers
Reconstitutel mica .
(.002 x11/8 x11/8) 150 pounds i 666,000
Aluminum foil "
(.00(% x 7/8 x 12n) 1.k pounds 2,000
Copper foil ;
(.002 x 7/8 x 1 1/L) 68 pounds 72,000
Tamicoid -
(01 x 131/ x2%) 500 feet 3,000
Lamicoid _ .
(.01l x 1 3/16 x 1 1/2) 2800 feet 22,000
Copper foil ; :
(.002 x 1 7/8 x 3 1/2) 3 pounds 1,000
C» 80 case .
Awsémbly 1,000
l Wax filled ' Vary
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CM 80 2000 MMF

Sequence of operation

1.
2.
3.
L
5.
6o

Te

LeFT FOW. “/{

8.
9.
10,

11,

Slice strips into (1 3/16" x 1 1/L") reconstituted mica.

Cut aluminw. foil (15/16" width) into length of Sk 1/L").

Slice copper foil (.002 thick) into strips (15/16" x 6"),

Slice copper strips into tabs (15/16" x 1 1/L"),

Remove burrs from edge of copper tabs,

Spot weld aluminum foil onto copper tabs (extendJaluminum
foil 5/8" over copper tab.,)

Stack section (L7 active plate

e .002 reconstituted mica

per plate), Place Mylar tape around section to hold firm,
Bee sketch below, -

BAAAAMAAAAMAAMAMANANAANY

[ MLLEILELTELRRA LR AR RN
-
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RECONSTITLUTED

RIGRT FO\W

Pre-heat sections in pressure clamp at (85°C for 16 hours).

Remove Mylar tape.,

Place sections onto pressing jig.

Press sections at 1000 1b/sq inch of active area, making
sure to mAdintain constant pressure especially during the
first forty minutes and the last forty minutes of the

pressing cycle,

( Temperature at 570°F,)
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12,
13.

15.
16,

17.

18.

19,

20¢

Remove sections from pressing jige.
Oxidation is removed from copper tabs.

Copper tabs are then solder dipped using 25% resin an
75% alcohol flux.

Dry sections in oven at (85°C for 16 hours)e

Capacity, insulation resistance, dissipation factor, Q
and breakdown voltage are taken and data recorded of
each section.

Those sections passing the test listed in #16 are matched
for capacity, and 13 soldered in series (using insulation
between sections). A (.002 x 15/16" x 3 1/2") copper tab
is soldered to the last section.

The section is placed into a CM 80 case and a suitable
spring clamp holds the sections firm and makes contact
to one end bell, The copper tab is connected to the
other end bell. (See the drawing on page 27).

The assembled unit is dried at (85°C for 16 hours) and
filled with a high temperature black insulation compound.

Marking per MIL -5 character C.

Test for qualification approval.

SEE _ELEVENTH QUARTERLY REPORT FOR QUALIFICATION TEST RESULTS
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Material required for the minufacturer of CM 80 2000 MMF using

reconstituted mica paper as a dielectric,

Material description

Amount required
per 1000 condensers

Pleces requirer
per 1000 condensers

Reconstituted mica

180 pounds

(002 x 1 3/16" x 1 1/4") " 663,000
Aluminum foil

(+005 x 15/16" x 1 1/k") L6 pounds 2,000
Copper foil

(.002 x 15/16% x 1 1/2w) 50 pounds 52,000
Lamicoid

(0L x 1 1/kn x 2n) 340 feet 2,000

Lamicoid

(401 x 1 1/k* x 1 5/8m) 2175 feet 15,000
Copper foil 0 _

(4002 x 15/16 x 3 1/2) 3.2 pounds 1,000
.CM 80 case 1,000 ¥
Assenbly

Wax filled vary
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Conclusionss

All of the pilot run quanities described below were made with CI
reconstituted natural mica paper, "Isomica" type.
The fifty CM 30 3300MMF capacitors met all the requirements when

tested per Table V of Mil-C-5A.

‘The fifteen CM 70 100MMF capacitors met all the requirements when

tested per Table V of Mil-C-SA,

The eight CM 80 1OOMMF capacitors did not meet all the requirements

shown in Table V of Mil-C-5A.

They failed t.ampers:.ture Rise Test and immersion, If the requirement
f;:lr témperature rise is Fhmged to 2 amp, at 1153.., 2.7 amp, at Jm? 91 aﬁp;
at .3MC. and, .27 amp. at ,IMC. they will pass the temperature Rise Tests as
noted in Table 1 of the Eleventh Quarterly Report.

The CM 80 2000MMF did not pass the Mil-C-54 specification. It is not

feasible to make the 2000MMF 10,000 V.P, capacitor using "Isomica" typeCI
reconstituted natural mica paper ( .062-" thick) as a dielectric. The reasons

are stated in quarterly report ﬁuniber 1l.

Recommendation and Future Works L

I

| Tt is recommendéd that work on methods of assembly be investigated to

reduce temperature rise, also betier methods of sealing should be investigated
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so as to pass immersion cycling on CM 80 10OMMF and CM 80 2000MMF
capacitors. | |
Fufﬁfg,uork on silvering of mica paper is indicated, In order
to accéﬁgiiah this the mica paper should be improved and a special
ailvering compound developed for this purpose, Vacuum depoSition

of silver on mica paper mat may be possible.
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TDENTIFICATION OF PERSONNEL

FIRST & SECOND QUARTER

. STPOVIC

LUNC HICK

STPOVIC

- SHEA
KONZELMAN

LUNCHICK

' STPOVIC

SHEA
LUNCHICK

PROJRCT ENGINEER
PROJECT ADMINISTRATOR
THIRD QUARTER

PROJECT ENGINEER .
TABORATORY TECHNICTAN

LABORATORY TECHNICIAN
PROJECT ADMINISTRATOR

FOURTH QUARTER _
PROJECT ENGTINEER

LAPORA TORY TECHNICIAN
PROJECT ADMINTSTRATOR

FIFTH, SIXTH & SEVENTH QUARTER

STPOVIC

" SHEA
. KLEIN

SHEA
KLEIN

. RODICSKY

. BOWSER

RODICSKY
KENDT

BRANDI
RIVERIA
RODICSKY

PROJECT 'ENGINEER :
TABCRATORY TECHNTCIAN
PROJECT ADMINISTRATCR

EIGHTH QUARTER
PROJECT ENGINEER

PROJECT ADMINISTRATCR
LABORATCRY ASSTSTANT

NINTH & TENTH QUARTER

PROJECT ENGTINEER
PROJECT ADMINTSTRATOR
TABORATORY ASSTSTANT
LABCRATCRY ASSISTANT

 ELEVENTH QUARTER

CHIEF ENVIRCMENTAL IAB,
LABORATORY TECHNICIAN
LABORATCRY TECENICTAN
PROJECT ENGINEER & ADMINTISTRATOR
LABORATORY ASSISTANT
LABORATORY ASSISTANT
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